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Labyrinthitis ossiﬁcansAbstract Purpose: In pediatric population with SNHL, a radiological presurgical mapping exam
is usually performed, purpose of this study is to improve the inter-rater agreement giving different
imaging modalities using MDCT and MRI to facilitate identifying patients in need for surgical
modiﬁcation before cochlear implant.
Methods and material: 120 pediatric patients ranging between 1 and 12 years with an average age of
5 years diagnosed with congenital or acquired SNHL and requiring cochlear implant (CI) after
proper surgical selection were included in the study. All patients underwent combined 64 detector
MDCT using pediatric low dose protocol with sagittal, Stenvers views in addition to standard axial
and coronal plane reconstruction from single acquisition volume. In the same session, 3D DRIVE
MRI axial plane reformatted into sagittal plane for the IAC and inner ear as well as axial T2WI/
FLAIR for the whole brain. Two different head and neck radiologists blindedly reported the inner
ear, cochlear nerve development, temporal bone anatomy, operative window, as well as normal
variants that could hinder implantation as well as causes of central hearing loss. Findings were com-
pared with operative ﬁndings.
Results: Patients were categorized into four groups; according to the capability of electrode
implant, modiﬁcation of surgical techniques and expected response with high intra-observer was
noted with a PABAK value of 0.96 for observer A and of 0.93 for observer B. Lower inter observer
agreement was observed on an individual usage of radiological techniques for reaching diagnosis
(conventional CT, MRI, or Stenvers/sagittal oblique techniques alone) with a PABAK value ofed.
34 T. Taha et al.0.93, 0.78 and 0.73, respectively. A higher inter observer agreement was met on combining all these
radiological modalities together (PABAK value of 0.96).
Conclusion: Stenvers view efﬁciently makes pre-surgical mapping for the intra-cochlear electrode
pathway by identifying the cochlear turns, round and oval window, vestibule and SCC as well as
facial nerve canal in one view helping the surgeon in optimizing the technique. MRI identiﬁes
the ﬁbrous labyrinthitis ossiﬁcans not detected by CT and evaluates the cochlear nerve development
and integrity of central auditory pathway. Combined MDCT/MRI imaging protocol helps the cli-
nician in proper patient categorization, optimize their surgical approach and the type of electrode.
Clinical relevance/application: SNHL is a malfunction of the inner ear, vestibulocochlear nerve or
central auditory pathway. Imaging helps to establish treatment regimens that improve auditory
function.
 2014 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier
B.V. All rights reserved.1. Introduction
SNHL points at a malfunction of the inner ear or a retroc-
ochlear condition that affects the cochleovestibular nerve
within the IAC and cerebellopontine angle or that involves
the central auditory pathway. Imaging is performed to
detect or rule out congenital, infectious, inﬂammatory or
tumoral pathology. Determining the etiology of hearing loss
is helpful to establish treatment regimens that may prevent
or slow down loss of auditory function. It may also con-
tribute to counseling of the patient and – in genetic causes
– his or her family (1). The frequency of cochlear implan-
tation has increased over the past decade. CI is considered
an acceptable treatment for severe to profound SNHL in
patients who are refractory to conventional hearing aug-
mentation. Before categorizing inner ear malformation, it
is of paramount importance to identify the normal cochlear
and inner ear anatomy, for which the MDCT is superior
with its high bone resolution, and multiple reformates.
The most important section for the cochlear anatomy is
the mid-modiolar plane which demonstrates the modiolus
as a central structure in between the turns of the cochlea,
the interscalar septa are thick partitions between the inner
wall of the cochlea and the modiolus, which appear to sep-
arate the normal cochlea into 2.5 (or 2.75) turns; the basal,
middle and apical turns. The cochlear aperture (also known
as bony cochlear nerve canal, BCNC (or cochlear fossette)
is the central bony defect at the base of the modiolus
transmitting the cochlear nerve and blood vessels. As eval-
uation of the vestibulocochlear nerve is essential before CI,
so it was mandatory to incorporate the MRI in the pre-
implant imaging protocol, moreover patency of the inner
ear lumen is better evaluated by the MRI, more sensitive
for detection of ﬁbrotic bands that may follow Labyrinthi-
tis or meningitis. Pre-implant radiological evaluation is very
important, not only to identify inner ear congenital and
acquired abnormalities, or cochlear nerve anomalies, but
also to detect the temporal bone abnormality that may be
encountered during surgery (as IAC defect with potential
risk of CSF gusher or facial nerve anomaly) that may alter
certain decisions regarding the treatment of the patients
such as surgical approach or type of electrode.1.1. Aim of this work
In pediatric population with SNHL, a radiological presurgical
mapping exam is usually performed, purpose of this study is to
improve the inter-rater agreement giving different imaging
modalities using MDCT and MRI to facilitate identifying
patients in need for surgical modiﬁcation before cochlear
implant.
2. Materials and methods
2.1. Study population
120 patients with 220 diseased ears were enrolled for this pro-
spective study which was conducted for 2 years. Age ranged
from 1 to 12 years with an average age of 5 years. The study
group consisted of 30 girl and 90 boy patients (M:F ratio of
3:1). All patients were suffering from congenital or acquired
profound SNHL after the failure of hearing aids. Patients
younger than 5 years were expected to have better results as
they can follow elementary schools if they receive the implant
by the age of 2–3 years, especially if they receive optimum
speech and language therapy. Patients older than 5 years were
expected to have less favorable response, ﬂuent pure oral com-
munication is less expected in this age as prolonged depriva-
tion, leads to atrophy of hearing pathway, the expected
beneﬁts will be hearing of rings and sirens. Older children
who lose their hearing are expected to have a very good
response after auditory pathway stimulation as they have life-
time with normal auditory memory.
2.2. Image acquisition
2.2.1. Consent
Written consent was obtained from all parents.
2.2.2. Sedation
Young and uncooperative patients underwent light anesthesia
(100 patients; 20 girls and 80 boys) using IM ketamine injec-
tion 5 mg/kg and in some cases using chloral hydrate oral
5 mg/kg.
Fig. 1 Stenvers reformate LSCC: lateral semicircular canal,
SSCC: superior semicircular canal, blue circle: oval window, red
circle: round window, black arrow: facial nerve canal, ST: scala
tympani.
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MDCT was performed using Aquilion 64 detector (Toshiba
medical system) with pediatric low dose radiation protocol
with an average effective dose of 2 mSv. No contrast was
used in our study. The patient was made to lie in supine posi-
tion, no gantry tilt was used to facilitate free reconstructions
of the images. High resolution is of utmost importance, so
collimation adjustment is essential to achieve the optimum 
(a) (b
(c) (d
Fig. 2 Labyrinthitis ossiﬁcans: (a) ossiﬁcation of the scala tympani an
photographs displaying occluded cochlear lumen by bone (black arr
insertion of the electrode in cochlear lumen (curved arrow).resolution. Collimation of 0.6 mm is routinely used. The
effective mAs; is 200 effective mAs. The gantry cycle time
is 1 gantry rotation/second. The kilovolt peak (KVP) is
usually 120. Helical mode is chosen for better reformate
and avoid expected motion artifact in this age group. Raw
data were transferred to workstation (Vitrea, Toshiba,
medical system), Stenvers views were reconstructed for each
side (Fig. 1) by getting ﬁrst, in sagittal view, at the level of
superior SCC – then reformats were made through an imag-
inary line in a perpendicular plane to the long axis of the
summit of SCC at 0.5 mm intervals (plane perpendicular to
roof of SCC). Additional sagittal oblique views for inner ears,
in addition to traditional axial and coronal views were also
taken.
2.2.4. MRI
Patient was then transferred to the MRI unit (1.5 T, Philips,
Healthcare) in the same session. Axial 3D imaging (DRIVE)
sequence was taken on the internal auditory canal and inner
ear structures, using the following parameters: 4000/130/1
(TR/TE/NEX); echo train length, 40; matrix, 256 · 256; ﬁeld
of view, 13 cm. Reconstruction of oblique sagittal views on
the IAC was performed. 2D T2-weighted fast spin-echo MR
imaging was performed by using the following parameters:
4000/102/6; echo train length, 32; matrix, 512 · 512; ﬁeld of
view, 10 cm; section thickness, 2 mm; section gap, 1 mm.
Additional axial T2WI cuts for children below 1 year and axial
FLAIR for children above 1 year were acquired to evaluate
central causes of hearing loss.)
)
d vestibuli of the basal turn of cochlea (arrows) (b) intra-operative
ow) (c) after drilling of bone with patent lumen (arrowhead) (d)
Fig. 3 Right IP-1 and left IP-II: (a) axial sequential images with IP-I with ﬁgure of ‘‘8’’ appearance in axial view (black arrow), deﬁcient
bony plate between IAC and cochlear base (curved arrow in a), seen in sagittal view (dotted arrow in 3d), compared to normal plate (black
arrow in 3e) however appears in T2WI as low signal intact membrane (curved arrow in 3g) means separate two cavities and thus this
patient is not liable for CSF gusher. Stenvers reformate for the right IP-I (b) and left IP-II (c) which shows facial nerve canals (blue
arrows), dysplastic S.SCC (black arrow in b). DRIVE sequences in three planes, displaying absent cochlear nerve in IAC (black arrow in
3g) compared to the contra-lateral normal one (blue arrow in 3h). Sagittal plane elegantly trace the vestibulocochlear nerve from
cerebellopontine angle medially till fundus of IAC. With only single nerve in the right CPA (dotted arrow in H) and absent cochlear nerve
in the lateral course of IAC (black arrow in I and J). Note the normal appearance of the CN VIII in the CPA as a catcher’s mitt (black
arrow in K) with the facial nerve looking like ball in the mitt (dotted arrow in K). The normal antero-inferior position of the cochlear
nerve in the lateral aspect of IAC is noted (dotted arrow in L).
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Fig 3. (continued)
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Each ear was evaluated separately by two different head and
neck radiologists (A and B) with 20 and 5 years-experience
in head and neck radiology, they reported blindedly each ear
separately considering the inner ear and cochlear nerve devel-
opment, temporal bone anatomy and operative window. The
MDCT was evaluated from superﬁcial to deep structures (2),
as if the surgeon was placing the cochlear implant electrode
and threading it into positions, keeping in mind the potential
surgical pitfalls.
The skull bone was evaluated at the place where the receiver
stimulator package is usually placed. Any bone abnormality
was reported. Also the otic capsule was evaluated for evidence
of bony dystrophy that may increase the risk of facial nerve
stimulation from the electrode. Then, the degree of
development and pneumatization of the mastoid wasdetermined. More the development the better the aerated mas-
toid was preferred.
We focused also on the inner ear for evidence of malforma-
tion that may require modiﬁcation of electrode insertion tech-
niques or may raise the risk of meningitis. A correlation of
these ﬁndings with the membranous labyrinth in MRI was
found. Labyrinthitis ossiﬁcans (LO) that may be a sequel of
prior meningitis may limit the ability of the surgeon to advance
the electrode (Fig. 2). Fibrous Labyrinthitis was detected only
by MRI in the form of loss of bright signal of the inner ear
structures on T2WI. If the cochlea was involved, further char-
acterization of scala vestibuli or scala tympani affection was
recommended by evaluation of the internal partitions of the
cochlea in DRIVE sequence.
We also evaluated the degree of facial recess pneumatiza-
tion; where electrode is usually threaded from the mastoid into
the tympanic cavity and describes the position of the facial
Fig. 4 Aberrant course of facial nerve canal in right IP-I and left common cavity. (a) Axial view with right ﬁgure of ‘‘8’’ appearance of
inner ear and hypoplastic IAC (yellow arrow). (b) Sagittal view of the same patient displaying abnormal course of the descending segment
of facial nerve canal with abnormal angle of posterior genu, appears more obtuse than normal (yellow arrow). (c) left common cavity
deformity of inner ear (arrow head) with aberrant course of facial nerve canal (black arrow). DRIVE sequence shows the inner ear
anomalies (dotted arrows in d) and hypoplastic IAC bilaterally (magniﬁed glass in e).
Table 1 Different pathologies noted in study of 120 cases.
Types Pathology No. of cases
Congenital malformation (40 ears) Common cavity 4 ears
IP-1 7 ears
IP-2 13 ears
Cochlear hypoplasia, vestibular dysplasia, SCC dysplasia 8 ears
Cochlear aperture stenosis/occlusion 4 ears
Cochlear aplasia 2 ears
Michel aplasia 2 ears
Labyrinthitis ossiﬁcans (30 ears) Complete ossiﬁcation (white cochlea) 6 ears
Scala tympani implant 14 ears
Scala vestibuli implant 6 ears
Second turn implant 4 ears
Cochlear nerve deﬁciency Associated with congenital malformation 26 ears
Post meningitic 6 ears
Isolated No cases
Morphologically normal (150 ears)
38 T. Taha et al.nerve with respect to the recess. An aberrant nerve, dehiscent
nerve or a laterally positioned posterior genu may lead to
injury, so pre-surgical mapping of the temporal course of the
facial nerve is required, as it may require alternate approach
to the middle ear cavity.
Lastly we evaluated the middle ear cavity and round win-
dow niche, at the site of cochleostomy, for aeration. The
cochlear aperture (BCNC), a bony canal of CN VIII at the
base of the cochlea, for evidence of stenosis that may herald
a hypoplastic nerve or, occlusion that signals absent nerve, a
ﬁnding conﬁrmed by MRI via direct visualization of the whole
course of the vestibulocochlear nerve from its exist from brainstem, till the cochlear aperture (Fig. 3g) normal cochlear nerve
is diagnosed when equal to or greater in diameter than facial
nerve, a deﬁcient nerve was present but smaller than the adja-
cent facial nerve, absent nerve was diagnosed when the nerve is
not visualized. Essential was to identify dysplasia of the
cochlear aperture that may increase risk of CSF leak and eval-
uate whole brain so as to exclude central causes of hearing loss.
The radiological ﬁndings were then compared to the intra-
operative data, operated by senior head and neck surgeon,
senior staff.
According to this protocol, patients were categorized into
four categories. Patients with ears not requiring implant: laby-
Table 2 Measurements of intra rater agreement for different examination tools as rated by observer A.
Examination method assessed for agreement (observer A)
Measure of
agreement
CT and
O.Sag–Stv
CT
CT and
MRI
CT and O.Sag–
Stv CT/MRI
O.Sag–Stv CT
and MRI
O.Sag–Stv CT and
O.Sag–Stv CT/MRI
MRI and O.Sag–
Stv CT/MRI
po 0.93 0.89 0.98 0.82 0.93 0.89
pe 0.91 0.88 0.98 0.83 0.93 0.89
ppos 0.96 0.94 0.99 0.9 0.96 0.99
pneg 0.2 0.14 0.0 0.0 0.0 0.0
pindex 0.91 0.89 0.98 0.82 0.93 0.89
bindex 0.05 0.09 0.02 0.04 0.07 0.11
PABAK 0.85 0.78 0.96 0.64 0.85 0.78
k 0.176 0.1153 0.0 0.0956 0.0 0.0
po, proportion of observed agreement; pe, proportion of expected agreement; ppos, proportion of positive agreement; pneg, proportion of
negative agreement; pindex, prevalence index; bindex, bias index; PABAK, prevalence-adjusted bias-adjusted kappa; k, Cohen’s kappa. High intra
observer agreement was noted with a PABAK value of 0.96. (O.Sag–Stv: oblique sagittal and Stenver’s views).
Table 3 Measurements of intra rater agreement for different examination tools as rated by observer B.
Examination method assessed for agreement (observer B)
Measure of
agreement
CT and
O.Sag–Stv CT
CT and
MRI
CT and O.Sag–
Stv CT/MRI
O.Sag–Stv
and MRI
O.Sag–Stv and
O.Sag–Stv/MRI
MRI and
O.Sag–Stv/MRI
po 0.92 0.89 0.96 0.86 0.94 0.93
pe 0.90 0.89 0.96 0.84 0.90 0.89
ppos 0.96 0.99 0.98 0.93 0.97 0.96
pneg 0.18 0.0 0.0 0.21 0.36 0.33
pindex 0.9 0.89 0.96 0.83 0.90 0.89
bindex 0.06 0.07 0.0 0.01 0.06 0.07
PABAK 0.84 0.78 0.93 0.73 0.87 0.85
k 0.1567 0.0312 0.0185 0.1361 0.3441 0.3125
po, proportion of observed agreement; pe, proportion of expected agreement; ppos, proportion of positive agreement; pneg, proportion of
negative agreement; pindex, prevalence index; bindex, bias index; PABAK, prevalence-adjusted bias-adjusted kappa; k, Cohen’s kappa. High intra
observer agreement was noted with a PABAK value of 0.93 for observer B. (O.Sag–Stv: oblique sagittal and Stenver’s views).
Table 4 Measurements of inter-rater agreement for different examination tools.
Examination method
Measure of agreement CT O.Sag–Stv CT MRI O.Sag–Stv CT/MRI
po 0.96 0.86 0.89 0.98
pe 0.96 0.86 0.82 0.98
ppos 0.98 0.93 0.94 0.99
pneg 0.0 0.12 0.45 0.0
pindex 0.96 0.85 0.8 0.98
bindex 0.0 0.01 0.02 0.02
PABAK 0.93 0.73 0.78 0.96
k 0.0185 0.044 0.3945 0.0
po, proportion of observed agreement; pe, proportion of expected agreement; ppos, proportion of positive agreement; pneg, proportion of
negative agreement; pindex, prevalence index; bindex, bias index; k, Cohen’s kappa. PABAK, prevalence-adjusted bias-adjusted kappa; high inter
observer agreement was met on combining all radiological modalities together (PABAK value of 0.96) (O.Sag–Stv: oblique sagittal and
Stenver’s views).
Cochlear implant tailored imaging protocol 39rinthine aplasia, cochlear aplasia, white cochlea (complete ossi-
ﬁcation), cochlear nerve aplasia, cochlear aperture occlusion
(with cochlear nerve aplasia). Second patients with ears requir-ing CI implant yet with expected poor response: common cav-
ity anomalies, signiﬁcant ossiﬁcation of the cochlear lumen.
Variable degrees of co-morbidities and mental retardation (in
40 T. Taha et al.these patients, response is according to the type and degree of
associated anomalies). Cochlear nerve (deﬁciency) atrophy or
hypoplasia was associated either with congenital anomalies
or post meningitic LO and was categorized according to the
degree of residual function.
Third, patients who are candidate for implant with no con-
tra indications: membranous anomaly, IP-I, IP-II, cochlear
hypoplasia, SCC dysplasia (Figs. 3 and 4).
And lastly, patients with ears requiring implant, with no
contra-indication yet mandate modiﬁcation of surgical tech-
nique; aberrant course of facial nerve, high riding or dehiscent
jugular bulb and patients with advanced LO.Table 5 Crosstabulation of observed and expected frequencies
examination tools.
CT Anomaly Observed
Expected
Normal Observed
Expected
Total Observed
Expected
CT Anomaly Observed
Expected
Normal Observed
Expected
Total Observed
Expected
CT Anomaly Observed
Expected
Normal Observed
Expected
Total Observed
Expected
O.Sag/Stv CT Anomaly Observed
Expected
Normal Observed
Expected
Total Observed
Expected
O.Sag/Stv CT Anomaly Observed
Expected
Normal Observed
Expected
Total Observed
Expected
MRI Anomaly Observed
Expected
Normal Observed
Expected
Total Observed
Expected
Data are presented as number (percentage of total). Fractions are appro3. Statistical methods
Both inter-rater agreement using the same examination tool
and intra-rater agreement using different examination tools
were examined using Cohen’s kappa coefﬁcient (j) which is
calculated as follows: j= (p0  pe)/(1  pe), where p0 is the
observed proportion of agreement and pe is the expected pro-
portion of agreement. However, there was a marked discrep-
ancy between the high proportion of observed agreement
and the low estimated j coefﬁcient, which is attributed to
the high prevalence rate of diseased subjects in the examined
cohort. This phenomenon has been described elsewhere andof radiologic ﬁndings as rated by Observer A using various
Anomaly Normal Total
O.Sag/Stv CT
101 (91.8%) 7 (6.4%) 108 (98.2%)
100.1 (91%) 7.9 (7.2%) 108 (98.2%)
1 (0.9%) 1 (0.9%) 2 (1.8%)
1.9 (1.7%) 0.1 (0.1%) 2 (1.8%)
102 (92.7%) 8 (7.3%) 110 (100%)
102 (92.7%) 8 (7.3%) 110 (100%)
MRI
97 (88.2%) 11 (10%) 108 (98.2%)
96.2 (87.5%) 11.8 (10.7%) 108 (98.2%)
1 (0.9%) 1 (0.9%) 2 (1.8%)
1.8 (1.6%) 0.2 (0.2%) 2 (1.8%)
98 (89.1%) 12(10.9%) 110 (100%)
98 (89.1%) 12 (10.9%) 110 (100%)
O.Sag–Stv CT/MRI
108 (98.2%) 0 108 (98.2%)
108 (98.2%) 0 108 (98.2%)
2 (1.8%) 0 2 (1.8%)
2 (1.8%) 0 2 (1.8%)
110 (100%) 0 110 (100%)
110 (100%) 0 110 (100%)
MRI
90 (81.8%) 12 (10.9%) 102 (92.7%)
90.9 (82.6%) 11.1 (10.1%) 102 (92.7%)
8 (7.3%) 0 8 (7.3%)
7.1 (6.5%) 0.9 (0.8%) 8 (7.3%)
98 (89.1%) 12 (10.9%) 110 (100%)
98 (89.1%) 12 (10.9%) 110 (100%)
O.Sag–Stv CT/MRI
102 (92.7%) 0 102 (92.7%)
102 (92.7%) 102 (92.7%)
8 (7.3%) 0 8 (7.3%)
8 (7.3%) 8 (7.3%)
110 (100%) 0 110 (100%)
110 (100%) 110 (100%)
O.Sag–Stv CT/MRI
98 (89.1%) 0 98 (89.1%)
98 (89.1%) 98 (89.1%)
12 (10.9%) 0 12 (10.9%)
12 (10.9%) 12 (10.9%)
110 (100%) 0 110 (100%)
110 (100%) 110 (100%)
ximated to the ﬁrst digit.
Cochlear implant tailored imaging protocol 41has been identiﬁed as the ‘kappa paradox’ (3). To overcome
this problem, other statistics were calculated in addition to
the kappa statistic as recommended previously by other
authors (4). These statistics included the expected proportion
of agreement (pe), the proportion of positive agreement (ppos),
the proportion of negative agreement (pneg), the prevalence
index (pindex), and the bias index (bindex).
Another statistic, Byrt’s prevalence-adjusted bias-adjusted
kappa (PABAK) (5), was also calculated to adjust for imbal-
ances induced by factors related to prevalence and bias. In this
respect, bias refers to the probability that one observer consis-
tently produced more positive or more negative ratings than
the other. Byrt’s PABAK is calculated as follows:
PABAK= 2p0  1.
4. Results
120 cases with 220 diseased ears were submitted to cochlear
implant imaging protocol, 150 ears were radiologically free
(membranous anomaly) and were requiring implant. 30 ears
had LO, 1 case post traumatic and 1 case tymanogenic (unilat-
eral affection). 28 ears were post meningitic: 6 ears had com-
plete ossiﬁcation (white cochlea) and did not require an
implant, 14 ears had partial ossiﬁcation of the scala tympani
and submitted to scala tympani insertion. 6 ears had scala ves-
tibule implant, 4 ears had second turn implant. 6 cases (of LO
patients) had bilateral cochlear nerve atrophy, but residual
ﬁbers in the spiral ganglion were still enough to function with
cochlear implant. 40 ears had congenital malformation in innerTable 6 Crosstabulation of observed and expected frequencies o
examination tools.
Rater B
Radiologic tool Rating Freque
Rater A CT Anomaly Observ
Expect
Normal Observ
Expect
Total Observ
Expect
O.Sag/Stv CT Anomaly Observ
Expect
Normal Observ
Expect
Total Observ
Expect
MRI Anomaly Observ
Expect
Normal Observ
Expect
Total Observ
Expect
O.Sag/Stv CT/MRI Anomaly Observ
Expect
Normal Observ
Expect
Total Observ
Expect
Data are presented as number (percentage of total). Fractions are approear: 2 ears Michel aplasia (labyrinthine aplasia) and 2 ears with
cochlear aplasia. 4 ears had common cavity. Rest of the
patients were diagnosed either IP-2, IP-1, cochlear hypoplasia,
vestibular and SCC dysplasia, cochlear nerve aplasia or hypo-
plasia, with some overlapping of these anomalies. No IP-III
was detected in this study (Table 1).
According to previous patient categorization: 12 Ears did
not require an implant, 40 ears required an implant with
expected poor response, 150 ears were morphologically normal
and required an implant and 18 ears required an implant with
modiﬁcation of the surgical approach.
Most inner ear malformation could be detected in MDCT
and MRI however some anomalies are detected only in MRI
as cochlear nerve aplasia/hypoplasia, minor cochlear hypopla-
sia, ﬁbrous Labyrinthitis obliterans, and associated cerebral
congenital or post inﬂammatory anomalies. Moreover some
abnormalities are detected only in the MDCT as cochlear aper-
ture stenosis/occlusion, calciﬁed lumen of inner ear structures
in LO, and totally ossiﬁed cochlea that is difﬁcult to differen-
tiate from cochlear aplasia in MRI. The detailed temporal
bone anatomy essential for pre-surgical mapping is evaluated
in the MDCT.
Among all our subjects, intra observer reproducibility (CT/
MR imaging) for each of the 2 observers and inter observer
reproducibility (CT/MR imaging) are shown in Tables 2–4.
Mean difference and SD of the observations were within the
voxel resolution for CT and MR imaging. A high intra obser-
ver agreement was noted with a PABAK value of 0.96 for
observer A and of 0.93 for observer B. Lower inter observerf radiologic ﬁndings as rated by both observers using various
ncy Anomaly Normal Total
ed 106 (96.4%) 2 (1.8%) 108 (98.2%)
ed 106 (96.4%) 2 (1.8%) 108 (98.2%)
ed 2 (1.8%) 0 2 (1.8%)
ed 2 (1.8%) 0 2 (1.8%)
ed 108 (98.2%) 2 (1.8%) 110 (100%)
ed 108 (98.2%) 2 (1.8%) 110 (100%)
ed 94 (85.5%) 8 (7.3%) 102 (92.7%)
ed 93.7 (85.2%) 8.3 (7.5%) 102 (92.7%)
ed 7 (6.4%) 1 (0.9%) 8 (7.3%)
ed 7.3 (6.6%) 0.7 (0.6%) 8 (7.3%)
ed 101 (91.8%) 9 (8.2%) 110 (100%)
ed 101 (91.8%) 9 (8.2%) 110 (100%)
ed 93 (84.5%) 5 (4.5%) 98 (89.1%)
ed 89.1 (81%) 8.9 (8.1%) 98 (89.1%)
ed 7 (6.4%) 5 (4.5%) 12 (10.9%)
ed 10.9 (9.9%) 1.1 (1%) 12 (10.9%)
ed 100 (90.9%) 10 (9.1%) 110 (100%)
ed 100 (90.9%) 10 (9.1%) 110 (100%)
ed 108 (98.2%) 2 (1.8%) 110 (100%)
ed 108 (98.2%) 2 (1.8%) 110 (100%)
ed 0 0 0
ed 0 0 0
ed 108 (98.2%) 2 (1.8%) 110 (100%)
ed 108 (98.2%) 2 (1.8%) 110 (100%)
ximated to the ﬁrst digit.
42 T. Taha et al.agreement was observed on individual usage of radiological
techniques for reaching diagnosis (conventional CT, MRI, or
Stenvers/sagittal oblique techniques alone) with a PABAK
value of 0.93, 0.78 and 0.73 respectively. A higher inter
observer agreement was met on combining all these radiologi-
cal modalities together (PABAK value of 0.96) as shown in
Tables 2, 5 and 6.
In 32 ears, i.e. 4th category patients (15%; 95% conﬁdence
incidence, 8.5–22.5%) of the cohort examined, the surgical
procedure was modiﬁed based on ﬁndings obtained with Sten-
vers, sagittal oblique CT/MRI examination. From the usual
practice at our institute, this proportion would not be expected
to exceed 5% of the subjects examined using conventional
work-up. This difference was statistically signiﬁcant (z test sta-
tistic, 4.594; P< 0.0001).5. Discussion
Imaging plays a crucial role in the selection of candidates for
CI to treat profound SNHL. Inner ear malformations are
not rare in the etiology of prelingual SNHL. In a former study,
it was stated that 21% of patients with a SNHL presenting at
their clinics had an inner ear anomaly (6). In this study,
authors found that 15% of study population had inner ear
malformation, although this study included pre-lingual and
post-lingual hearing loss. Standard axial, coronal and sagittal
views were enough for identiﬁcation of these anomalies. In
the clinical sitting the image acquisition requires not only a
high signal from ﬂuid containing spaces, but also less suscepti-
bility and pulsation artifacts as well as short examination time.
In acceptance with Byun et al. they found DRIVE sequence
that uses a set of additional 90 recovery pulses applied at the
end of the echo train to revert the remaining transverse magne-
tization back to the longitudinal axis. These reset pulses allow
heavily T2-weighted images to be acquired with a shorter TR
and reduce the scan time considerably with higher sensitivity
and less susceptibility artifacts (7,8). The shortened TR also
has the effect of reducing ﬂow void artifacts, further increasing
the brightness of ﬂuids (9) in this study DRIVE sequence was
accurate in identiﬁcation of internal partitions of the cochlea,
minor cochlear hypoplasia and associated cochlear nerve
anomaly. In addition it can identify thin ﬁbrotic bands that
may follow Labyrinthitis and attenuate the cochlear lumen,
its reconstruction into coronal or sagittal views allows better
identiﬁcation of the cochlear nerve anomalies, this was discor-
dant with Tsuchiya et al. (10) who reported that 3D DRIVE
has lower CNR and more CSF pulsation artifacts. In the pres-
ent study CSF pulsation artifacts were not obvious due to
reduced echo train length of 40 instead of 74 used in the pre-
vious study, and usage of an eight channel SENSE head coil
with a SENSE factor of 2 (a factor of 2 is associated with
40% increase of SNR and 50% reduction of imaging time).
Levent Sennaroglu et al. encountered two important difﬁ-
culties during CI surgery: ﬁrst is the facial nerve anomaly
which can be easily identiﬁed in this study in Stenvers view
as a continuous canal passing inferior to the lateral SCC and
then forming the posterior genu and secondly the descending
segment till its exit through the stylomastoid foramen
(Fig. 1). Transmastoid-facial recess approach is the classical
technique for CI, sometimes, the presence of complex malfor-
mation makes this approach impossible and the surgeon mustbe ready to modify the surgical approach as it was encountered
in 16 cases in this study that had multiple congenital anoma-
lies. A second difﬁculty is CSF gusher and meningitis. Radiol-
ogy may guide the decision to offer a CI in patients with inner
ear malformation. To determine its type and to identify any
other abnormality in the temporal bone that may be encoun-
tered during surgery (such as sclerotic mastoid and defect in
the IAC with potential CSF gusher, etc.). This may affect cer-
tain decisions regarding the treatment of the patient, surgical
approach and electrode choice. In 16 subjects of the cohort
examined, the surgical procedure was modiﬁed based on ﬁnd-
ings obtained with Stenvers, sagittal oblique CT/MRI exami-
nation. This difference was statistically signiﬁcant
(P< 0.0001).
Timing of CI may be guided by the radiological ﬁnding, as
early implant is planned in patients who are less likely to
achieve beneﬁt from hearing aids, such as common cavity,
IP-I and IP-III. In some patients with IP-II or LVAS, the hear-
ing level may be suitable for hearing aids. In cases of labyrin-
thine aplasia and cochlear aplasia, the patient will not lose
valuable time with a hearing aid trial and they may be directly
evaluated for ABI (11). Evidence of ossiﬁcation was previously
considered a relative contraindication to CI. It was considered
difﬁcult or impossible to achieve safe electrode insertion
because of bony obstruction. Either the electrodes or the inner
ear structures could be damaged. Moreover, obstructed scala
tympani could limit the number of electrodes that can be
inserted. The efﬁcacy of the electrical stimulation was also
questioned, as a higher current would be needed on an ossiﬁed
cochlea. Finally, the neural survival in ossiﬁed cochlea is
unknown. This may affect the long-term outcome. However,
CI has been attempted even in grossly ossiﬁed cochlea (12).
Up to 10% of children who suffer acute bacterial meningitis
would sustain some degree of permanent unilateral or bilateral
deafness (13). Approximately 2–5% of children and adults
who survive bacterial meningitis develop profound bilateral
SNHL (14). In this study, authors found 13% of patients
had LO, reﬂecting increased incidence in developing countries.
The site is almost always at the cochlea where there is a loss of
the organs of Corti and not at the auditory nerve as previously
reported (15). The infective process in the cochlea and laby-
rinth may produce a reaction in the endosteum resulting in
new bone formation (16). Post-meningitis SNHL can occur
as early as 48 h post infection. As early as 2 weeks after the
onset of meningitis, ﬁbrosis is present followed by new bone
formation within 2 months (17). Ossiﬁcation initially develops
in the basal turn of the cochlea at the region of the scala tym-
pani near the round window (9). Radiographic evidence of
ossiﬁcation can be found as early as 2 months after the acute
infection indicating that the intra cochlear process probably
begins much earlier (16). A labyrinth that has undergone
ﬁbrous obliteration may appear normal on CT but will lack
the high signal on T2 WI.I (18). Therefore, it is advocated that
MRI of the temporal bone is required in all post meningitis
cases for cochlear implantation although they have normal
HRCT.
A delay of even a few months probably would have allowed
ossiﬁcation to proceed to a degree that standard implantation
procedures would have been impossible. Therefore the poten-
tial beneﬁt of CI may be reduced. So, DRIVE sequence is
essential for evaluation of early ﬁbrotic changes of the cochlear
lumen noted by loss of bright signal. Also, this sequence helps
Cochlear implant tailored imaging protocol 43in evaluation of the cochlear nerve atrophy that commonly
occurs with meningitis. MDCT is crucial in identiﬁcation of
ossiﬁcation involving different inner ear structures, Stenvers
view will allow a better evaluation of the basal turn of cochlea
which is the most common site of ossiﬁcation, with better eval-
uation of scala tympani and vestibuli ossiﬁcation so that the
surgeon can decide the procedure and site of cochleostomy.
There has been a debate about which of the two modalities,
MDCT or MRI, should be used in the preoperative evaluation
of candidates undergoing cochlear implantation. In this study
tailored examination in one session and using single dose of
sedation in the pediatric population was efﬁcient in covering
all the expected pathology causing SNHL. In MDCT, the axial
source image can be reformatted to coronal, sagittal and Sten-
vers view in which the cochlear turn, round and oval window,
vestibule, and SCC can be identiﬁed in one image, with better
evaluation of the facial nerve canal especially the posterior
genu and descending segments that are most important in CI
surgery. Picking up the DRIVE sequence from the standard
MRI temporal bone protocol will add values of evaluation
of the cochlear nerve hypoplasia, aplasia (Fig. 3i and j) or post
meningitic atrophy, also cochlear lumen patency, and minor
hypoplasia will be identiﬁed. T2WI of the brain helps in iden-
tifying the central cause of SNHL.
One of the drawbacks of our study is limited number of
cases; yet, authors recommend our tailored CT/MRI protocol
to be generalized for pediatric SNHL cases for proper pre
operative evaluation to reach the best results particularly in
complex cases of SNHL.6. Conclusion
SNHL is a malfunction of the inner ear, vestibulocochlear
nerve or central auditory pathway. Tailored CT/MRI exami-
nation in one session and using single dose of sedation with
no contrast can help to establish best treatment regimens that
improve auditory function. CT Stenvers and oblique sagittal
views added to conventional temporal CT imaging, and 3D
MRI DRIVE are extremely valuable in pre operative mapping
and mandatory for determining the integrity of central audi-
tory pathway. Our tailored technique modiﬁed the surgical
procedure in 15% of our cohort; this difference was statisti-
cally signiﬁcant (P< 0.0001).Conﬂict of interest
There is no conﬂict of interest.References
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